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[f*S«3 1 HUlB^Jl^T i . A 1 „ G a s Cr, 
V, Co, Ni, Zn, Y. Nb, Zr, Mo, W, T 
a. Sb. Yl<?yJ?%:<bl>—^X'h&Zbt:%mb'tZ> 

mem i , 2cr>^-rtiMzMmcoym^mm^m^. 
i mxm4 i mxm i &v * l 3 im^m^mm^m 

[00 0 1] 
[0002] 

[00 03] I(7)y >; L^liCf 

[00 041 f£*##jl i: LT. M. Graetzel 
<oti. Nature, vol. 357. 7 3 7^— 

(i99i^> t. nmtmibX'fo&WHt^fyzfm 

*(RuL 2 (NCS) 2 , L = 4, 4-y*my 

)V-2, 2" trtr'j^y) 

[00 0 5] M. GraetzeUli J . Am. C 
hem. Soc, Vol. 115. Nol4. 6382 

( 1 99330 x\ Mit+fynmsmTizmm 



[0 00 6] fi!*K«2fcLT. #if09-2599 

[0007] ^*s«3 1 lx. whppi 0-1123 
co*mmz&m*im $ ^tzm^.±mmm^m^^tix 

[0008] 

^foxi$fcztv&ftwm&m?tthi>i' •> =? >±r 
[0009] Hfie3*utfe**»£BHfc*-* v«mim-? 

x\ %xss.zmmzti& . 

[0010] — ^WtCl^b^7E^T'^i»it«f^ 

& fca*>*i*#. lot uiimcomttm&xBflizw 

[0011] &izm$tffi2\±. KMMb Lxm^hix 

hwfi. mmwbLx-mzmmzti&zi^mbsmL 

[0012]$ hkwwffisi*. ^mommmtom 
^•(i. &mzmft-?z ¥m&miz>mzcBm<7)m&. * 

m l < mmx-h h wmtf*> h . 
[0013] imoM&ii. mt^m&m&fvxk* 

^-utmmzmm Ltzma^-^mb %h . aw 

- 5 0 0 n m**»6*L*V^ bWJfoX'Ibh . 

[0014] $ 4>t=i<o»i»ii^«s«^)*K:«raniris 
trnmx\ mwmwmtti*Mwmm<7)tf7x*?fflmz¥ 

[0015] *««ti±SBSHi*J«yitfct^)T. 3tx 



!(3) 000-285975 ( P 2 0 0 0- 2 8 5 9 7 5 A ) 



[00 16] 

ztiMz, *&w<7)msmi izt$^xmttz&mm^& 
[ooi7> ±mm i (Dimw^mz x &%m±. ar 

co£oX'$>&. 

[ooi 8} -tztyh. Kz&imtmmiztc'yfz&m 
*mtm?mm. ^wm-m^y^< t i>-*iz 

[ooi9> immmm^mm-ht^z. 
cr>imm2iz55^xmttz&im^®. <jar, w,2<m. 

[00201 ±tzm2(7)8ffi&)^mz£ zmmz. kit 

<Di.oX'fc&. 

[oo2i> -t^h-h. ytz%immvtmiz%'>tz&.m 
fr^mmz&xzn&n?tf¥mMZTm\$:&m-t& 
m. &mm.=i-zm&LxmbX'ishtz#>. WFmvymn 

[0022} ±Mimiwwkm*mm'&tz)>bt,z^ *im 
(rm*m3\z&\^xmittmtmwt. (jar, ^3 con 

ffift^®kfoi-&. ) miie^Jl^T i . A K G 
a. Cr, V, Co, Ni, Zn,.Y, Nb, Zr, M 
Ta. Sb. WO^<i:i> — iX'fohZ. t £ 

mmt-t&mim 1 . 2co^TiifiHz§zmco%m32Wim 
*mfox'hz>. 

[0023] ±mm3omwm^mz£ mm±. uxt 
cnxoX'hh. 

[0024] -ttch-h, zti^co&mammm^ 
<. ¥mfotcommmzmtix^z>cr,x\ xmmwm 

[0025] imm^mm^mm-htzisbi.z^ 
cr>tmm4izti^xmtti^mm^m. (ot. m4<o& 
ffiM^mtfci-z. ) ii*5Si^v^L3iea^« 
mim?mw&mnimm±iz®.v hixx^h ztz® 
WLt-th^m^mm^-X'hh „ 
[0026] iMmAcry^mm^mzx mm*, txr 

CO£dX'$>&. 

[0027} "f ft«^&sPpc0©V^m^8lffi 



[0028] 

ti2o«^i3£iiift-r!>. 

[0029] ^^s^<7>^?L®Ji^rt^^ja&t)f 

±iz&f& Ltzymmt ztuznfa-th tfzm 
mm^^^mt^mm.L. mmmzimimjcttz 

m^&mcoimim^&MmMMMizj: owmx 

[0030] t d— o<0*Sfc LT. ^JBlfita^^JSr 

[ O0 3 1 ] J8ttQ<^£*g£^«^^<Z}ffift&Bi 
W&Kffiire&S. SfeUJBWfett* £3lii!g3B£1E3E 
[0032] *BMM&?££&3ite£3LftJI&te8fe 

ssrffl^$-«*-fcii®fe«tasF^E«ci3^ mpmnm 

$*i*««2«. fmmwLtiMwmnmi stmmt 
mm exm^tx.^. mmcommmcommz^ m-* 
imLxmttitiiimii>t>nFi-*whLwiztiz>. m 

[0033] ^cr^mmm^m5 zm^xmrni-z. m 
m-t&x-^Ji-ir-yj T77A.mxhz> . 21a. 21 

b. 2 2— 2 4tex*/l^-^{iT'J>D. 2 8t^m 
S. 2 9C±*ffiT'£>.f>. 3t«ffi2 8fc*fffi2 9tt. ^SB 

[0034] micDJ^^JU^-miiLX\ 2 l a(i4^#c 
^fi^SflPWa, 2 1blif»ft07i/^^k 2 2 
liii&|yii<0®j61fc^Hte. 2 3{i*^fe*OSl£*t1l 

Ana. 2 4\tmmKft<mttMjm®.x'$>%. *mw. 
tenwmwx-fo 7x^$i/^2 1 b tm&m 

GL2 1 a(ii£V\ 
[0 0 3 5] (h rr^y^^Sc. v r^OSll 

m nzz*ju^-$:ft^tzyt=Ftfmm&miz®iRzti& 
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ftcoismffim 2 1 a ^\&a $ itt:¥mzm#0> y * 

[0036] !jM&RjR*>fi*WL m.i\Mim^mKMm 
1 - i}^mtt&\m^m&mm®.2 3 tens. - 

cmitvtm i 3 -«. $mm&2 1 tit lt**2 9iz 
fmLMtr?*&im VMitim i-izm&zt xmff 

[ 0 0 3 7 ] £ <^ft1t^»^**fS£«{a 2 7(1 

mmjm<SL 2 a o^x-Mfeztih. &m<nmmmm 
{422 iz¥mwc7)fcm%miiL 2 1 a ± 0 ti^/K-w 

[00 38] t£5fc. S§3Ett**Kl 1C#7^^\ it 

mmnmi 2iz? ym^-T^m-ftxxm. miB&mm 
ft^mfa 1 svvmmzi-sw xm&vmfrf 
mm&mz)V7--*7J*im*m>^x^h. ztzwrnnm 

1 4IJxf h 8 0 v o 1 T-feh-h 

'J^2 0vo 1 %<?»S'&jffi««t»fc:3'>#. ^b^Tot 
/PT^-^ATM hKC 3 H 7 ) 4 NI>| 
Mz-tzi>?>X\ 3 I - /\ 3 - £BWBl7e*ti: LT*>}fB 
LTV*4. *t«i2»lf Itll ttfi 

[ 0 0 3 9 1 zcox 0 izm&ztifzimgmmTtmt 
^mimttmmwz^&t&fflmtfckizx&yt 

bLX^tz. 

[0040] fctT\ 3*«MB<?>ldt«K:ov%TSilW* . 

jsv^mmxmwLx^&tf. *mt±mmmizmj£t 
tmz&m-zmmt ^<^t^)v^m%^)v^\,z 

[oo4i]iin ^mtrmm ttzm 1 mmcomx 
jmmm<7)immwmx'h2> . 01 (a) M&flcaKfB 

[0042] j§BJ#mH3 l-£a(tjfcit3tettfflK3 0± 

h . 3 OfcLT i>L< tetfx; < 'J T 

WmZMLttV^UyT^yfls-h (PET)^ 

xvA-tf^-h (pc) KZitm^btih. mmmm 



m3 1 1 Lxizy -ym Y-y^mitxx^ 1 toj-ii 

%m Ltz h ffyifim^btih . 

[0043] ^mfom 3 2(5. ^^fttfi^ Z^-X 

(4. Ti0 2 . ZnO, Sn0 2 KtZVHMOh* Ga 
P. I nP&fc'coUWfcif&u S i C&h'c^-ft^ Cd 
SJSr^tfMgflS*, GaAs, CdTe^tM^i^ 

WK&O. 5^mHT, MiL<(i5-500n 

[0044] %mwziimm*$mk. * -y *m>PX'%. 
fe«^®*$-«*-T s k *mfom 3 2*^-r s . 

[0045} &mzwmz j tt&mm<7)mmmm&mz 

a^rtOh LT01Ji.(fDME. DMSO. TVI^-ZK 

X'&mzmmzttmmzimm 3 ^Bf^iaaaw- 
h . *mmz&\ >xjtnm 3 <^mwm 3 2 it^mum 

l 0 0 4 6 ] *|g 1 »ffi^>S^*H«M«±lB<^«ffi 
T*&«WJK3 3-C«J$$*L-&. *f@4(4. ««3 5± 
mWL3 5 h UT^'^Xt L<(4 
(PET) ^U^-4<^-b (PC) KZtfm^h 

mtimmm3 4 1 Lxfmzm&Ltzy vmv 

*^(i. M«£ffi»L£#mfre&*UfHT&J;^ M 
tlX^h. . 

[0047}fBft U3^r/i 3 " . H» 
|Br/Br 3 -, HD^r y >%t^Mimxtt 

[0048] ze>m&<^mm%m : ?i£ftZ5tvffim. 
mtz%^tz&mfr^*mmzmA2h&m?wmj$mL 
=m^srt^ *mfrm 3 2 izmta Ltz&m 37* 
m&vxmmmm3iiz®mx'%z,iz#>. &merm, 
Mmmm^mm Lvmm83jc*Ttf& £ t tfx-% 
h» z\<Dtzfrft%fakmwm-z\ft±z*t&c\bifiX' 

[0049] -Sr. &mtirlii®tf%\y®&. 

Azn&m?te&&co&?ftMZ&&vxmBmmm3 
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1 \zm& l& wifcra h-t. mmwmm^ < mm® 

[0050] B2«, *3S^£3liSUfc£2^<0iB5£ 

±wm,m<r>wmnmmx'h%> .82(a) a^nmm 
mx-h*). si2 (b> izimfomco-^cotikkmmmx' 

$>Z> o 

[00511 ^2JB»<9Sb!bk»WfiHL #»ffcJl4 

[0052] t»IE a NWW4 2 WU ASHBa^fc L 

$r*i«0£fflV*4. 0Hxlf. Ti, A 1 , Ga, C r, 
V, Co. Ni, Zn. Y. Nb, Zr, Mo. W. T 
a, Sb, W5rif*W6n&. 
it. 5 0^mOT. MtLKitl 0//mC7)Ti*UV^ 
[0053] &*«Kff *fflRt4«^li. jSKLfcA 

jm±miBBtmix'i>&. ^m^. ^4 7t 
[0054] z^m^coytmmm^mi^mm 

[ o o 5 5 j *ftw<wmie}%i><ozmimb txmr 

ffiMiz&^xit^-ftiiymitiv-yjr?^ mmmm 
mt7>ym*F-7L*:mfcxxmmx\ zcvmmtm 
m o~i 3€i/nx*foh%><?)zm^?z. 
[0056] ifcsfku, mmv<7>m^m*)±Mi 

gii^t^-hU 4 5 o-co^^fjoj;^^ 

[0057] < nss0( i ) ^nife^j i urn i »ss 

AKMEBTCfc h . 20nm, J±M« 9 0m 

2 /g^nM^ttfc££lM^>&7£[SB#« 
2 OJ^ffJ-grC^-X MLL . y -vmi H-rLfcBMfc 



[0058]fO». JfrfcffiiBl 35g, ttHfc*-MJ* 
A 2 3 0 g . mtTJP 5 2 3 g Sr 1 LOTkWSjS 
U'^iSafc. pH£3. 0—4. 0(CPBL25 
-35'C. rn^mrno. lmA/cm2T-ffL,Ht 

+9 y$>JLnmmzm'&m&ztt. 

[0059] Wffi LtzWMHi§>1Lm*co%t?mzm&t 

[0060 1MI1 ^f-Wm<RuL 2 (NC 
S > 2 . L = 4 . 4 - S^/I^^f 2, 2 ' t'f 
xV^ffiVvt. VTW/VTlVzi-MZ 1 X 

10-3 mfflftth. ^UMIMfcf-^fcaSjfcU ±M, 

ftzmttizttznnnmizimz-txxmmznt:. 

[0061] 3^*0. 6Mxh77°af^T^^^ 
h 0 . 4 MfcjRdigK Cc^-U h 8 0 v o 

1 %T-bb-bU;W20vo 1 %> KUHKLWWiKi:'*- 

[0062] w&vmw&emmii.. mmw^mm 

LTfrW J§J«H7-i:3KflBa<K&**»a{LJt. XMb 
LX4 20 nmmT^M^y 4 )V9X'A -/ V L^-fc 

yyyyy^m^, 1 oomw/c m 2 <rm,%i^mxaf 

[0063] H3«. *B«»ttJ**aT'ft4. «tW«i 

BWfi<0«JE1tSSD«"C* S . i ^ftH 5 6 fc Ssfttco^. 
5 3<0Ssgffi^^Ss£ ( I s c ) "C»0. «ttfc^3S 
*5 1 c7>mffi^* { ra^«EE (V„ c ) 
[ 0 0 6 4 ] ffi^5 6±^*c7)tt5^<i(i. ^-<7)*T'C7) 

*5«±aj*jS5 5T'S>&„ icO«Affi^*5 5t*5lt4 
fPiWS&^f^ffiAmSg dop ) X'fo 0 . §*tfi;b * 

[0065] ^«a^{i. mriB«^ai^ffl&®*&«^^ 
mimm±zmwzm.xm^i><r>x'h r ) . mn&A<r> 
wmiz&ib2>mftmBc7)wmz3kLx^& . 

[0066} =5rfc. ft*:aj*«8Kt4lltt«. 

[0067] (^ii60«2 ) *hm^J2 tig 1 imnwat 
±Wsmmx-h h . ¥%^f5 2 0 n m stmwm 9 0 m 
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2 /g<Qnm^ftt&&Wittfr?y&?£fflmwug. 

2 0%cr>fiJ^-C"<-x MfcU y -yS£ F-TLfcR-fc 

x-mmm m^. m.^^mw^nm.mtLtz. 
[0068JI co^mw^i^mzmnm- v *n\>* v 

I 0 0 6 9 ] ^ -y df Ut- -/ SBfWfcWii} L« 

r>fc. --y y/^VfiH § -*fciWfcf-* >&?LM¥ 
3WMUi*OSH-»lCtiK*U. ©^4 0 OiCeiSJWfcS 

[00 7 01 (HJSM3 ) *mt«3liSS2^ffltf5®!C 
[0071] Wik. 1 %U >-»*»»#'Cl<i»fl;£ 



tz. 

[0072] ( mmm 4 > *h5sct4 %>m 2 ^jb^b* 

fftSSt+te 0 O-CT'2 4B«tlJng*Ljfc. affl^T^- 
0%c7)fii-^T'^-X MtU 7 -yS£ K— :r LfcBMt* 

[0073] i*Uc»fe#iJi: |«J t i 5 fc-fefft 

[0 074] Ornmi ) ¥W@2 0nm JrbUl® 

[0075] ziiizmrnmtmixoiz&m 

[0076] ( ffP«£JJI ) HJSCTfc J: JtlM««9lHWi 

[0077] 
[161] 
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( v ) 
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( v > 
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16. 1 


0. 71 


19.. 9 


0. 60/ 


0.68 


7.8 


3H*«2 


15.8 


0. 72 


IX. 4 


0. 607 


0. 67 


7. 6 




14.3 


0. 71 


U.4 


0. 587 


0. 66 


6. 7 




13.2 


0.71 


11.0 


0. 566 


0.66 


6.2 




7.0 


0.70 


5.0 


0.593 


0. 61 


3.0 



[0078] mmm^-rti^m^mwtirm-m^ 
■m.®& ■ tt&*wfc®mwimmizit'<&mz&^ 

->fzfz#>t^lt>tiZ>. 

[0079] Jt«e^i^«#14*m^{i. -jry 
[0080] c\cr> J; o IZ, *fffiB^fe«ffi* *triK1EE 



[0081 ] 

M-s Lx%&&ii%mb&mfrb%zi£n$£tm*mft 

-uiz&mmtSAsX'^&fr. mmi^mmtLtz^m 
n?zm£Lx%&&iLnmt&mfrt>%& z t &m 

mm/munztmhixx^hzt zftmt-t&xmsz 
\m=Fx-hhcr,x\ %^)v^-x'mm^fifz^M^h 

mmmmz** <-r$,zbwx'%&. 

[Hi] *mizmz Ltzm 1 &mco^&±mmmcon 
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HSBfrBH 3 2, 4 2--«l 

[03 1 ±^«ffitt5*isia 33-wmwi (wmm) 

[04] HKW=5r^*l®mmoffilB&Bf BE 34- -ft!M^«§| 

[05 ] -®.M%&mMmm?m&mm?<7>mtoWMZ 3 5-mu 

3 -jew 4 

3 



[01 ] 
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